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 1. Originality: Does the paper contain new and significant information adequate to justify publication?
An interesting issue in this study. However, this study has not mentioned the analysis of performance indicators based on a case study or multiple case studies. Thus, hopefully, the
results can be generalized. 
Then, it is suggested in this study to define the warehouse category under study in order to get a specific contribution 
 2. Relationship to Literature: Does the paper demonstrate an adequate understanding of the relevant literature in the field and cite an appropriate range of literature
sources? Is any significant work ignored?
Warehouse productivity performance indicators (WPPI) need to be described in more detail based on previous studies. 
Then, the formulation of each indicator is explained from which reference source 
 3. Methodology: Is the paper's argument built on an appropriate base of theory, concepts, or other ideas? Has the research or equivalent intellectual work on which the
paper is based been well designed? Are the methods employed appropriate?
This study needs to explain the quantitative research category through the number of research sample sizes 
Questionnaire instruments should be included so that they can be the findings of a research 
Respondent profile described 
 4. Results: Are results presented clearly and analysed appropriately? Do the conclusions adequately tie together the other elements of the paper?
Does this study require reliability and validity tests on the questions to be asked for the 12 experts? 
Researchers must describe more deeply the three most critical warehousing productivity performance indicators referring to previous research 
 5. Implications for research, practice and/or society: Does the paper identify clearly any implications for research, practice and/or society? Does the paper bridge the
gap between theory and practice? How can the research be used in practice (economic and commercial impact), in teaching, to influence public policy, in research
(contributing to the body of knowledge)? What is the impact upon society (influencing public attitudes, affecting quality of life)? Are these implications consistent with the
findings and conclusions of the paper?
This paper has provided an overview of the contribution in assessing warehouse productivity. It is recommended to describe the implications for becoming a policy for warehouse
practitioners and recommended as a policy for the type of warehouse understudy
 6. Quality of Communication: Does the paper clearly express its case, measured against the technical language of the field and the expected knowledge of the journal's
readership? Has attention been paid to the clarity of expression and readability, such as sentence structure, jargon use, acronyms, etc.
Overall this paper has been built with a good language structure. However, consistency in naming terms is needed. Example of Fuzzy-AHP/ FAHP 
Then it is suggested to take a more up-to-date reference (Edosomwan, 1995; Pirttilä et al., 1995; Higgins, 1991; Gattorna et al., 1996; Pindur et al., 1995; Babson, 1981; Daris 1955). 
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This study shows a contribution to the assessment of warehouse productivity. however, there is some emphasis in this study that needs to be improved to get a novelty
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DECISION ANALYSIS OF WAREHOUSE PRODUCTIVITY PERFORMANCE 
INDICATORS TO ENHANCE LOGISTICS OPERATIONAL EFFICIENCY
ABSTRACT
Purpose: The warehouse industry is one of the backbones in the logistics operation which 
involves several activities i.e: storage, receiving, picking, and shipping of goods/cargoes. This 
study analyses the most important warehouse productivity indicators for improving warehouse 
operation efficiency.
Design/methodology/approach: This study presents an empirical methodology of the fuzzy 
analytical hierarchy process (FAHP) method, an integration between the fuzzy logic method 
with an analytical hierarchy process (AHP) method incorporated with the adoption of 
quantitative and systems theories under the modern management theory approach.
Findings: The results indicate that the weight values of the main criteria which lead by the 
criterion “Space (0.4005)” at the top ranking, followed by Information System (0.2445), 
Labour (0.2065) and Equipment (0.1484). In addition, the weight values and ranking of the 16 
sub-criteria are also highlighted which the sub-criterion “Warehouse Management System 
(0.2445)” scores the highest weight value and followed by Storage Space Utilisation (0.1043) 
and Throughput (0.0722) accordingly.
Originality: A generic analysis model developed with the adoption of three study theories: 
quantitative, system, and productivity theories.
Research limitations/implications: Finally, this research contributed to enrich the literature, 
while highlighting a series of recommendations on the top three most significant productivity 
performance indicators that can be useful in further research.
Keywords: Logistics service quality; Warehouse productivity; Decision criteria; Warehouse 
management; Productivity indicator; Fuzzy-AHP method.


































































Warehouse activities are an essential aspect in improving the efficiency of logistics services. 
The primary purpose of warehouse facilities is to buffer and regulate commodity movements 
by retaining surplus flows, creating stocks, and delivering products to the consumer on 
requests. Warehouse operations, on the other hand, may become a bottleneck in certain 
situations, creating major delays in product movement and logistics service quality (Kodawski 
et al., 2017b). To improve the efficiency, effectiveness, and accuracy of logistics network 
activities, fulfilment facilities can safely, quickly, and reliably supply services and ensure that 
final customers obtain products on time. 
A warehouse manager's role may be challenging because he or she is responsible for 
ensuring that customers receive their orders on time and in good quality. Several issues related 
to warehouse productivity have been ranked by other researchers. For instance, some scholars 
studied productivity enhancement towards the implementation of radio frequency 
identification (RFID) in the warehouse management system (Pane et al., 2018); throughput 
evaluations (Ribino et al., 2018); material handling equipment (Hornakova et al., 2019; Carli 
et al., 2020); manpower/ warehousemen behaviour (Paul and Lestari, 2013; Al-Shaeb et al., 
2017) and order picking process (Shah and Khanzode, 2017; Zhao et al., 2017) which have 
significantly impacted the productivity in the warehouse. Additionally, to improve productivity 
and lower warehouse running costs, it is important to manage and allocate warehouse resources 
quickly and efficiently (Poon et al., 2009; Ramaa et al., 2012; Shah and Khanzode, 2017). 
As a result, primary warehouse quality metrics analysis is critical for a manager to find areas 
for change and implement an improvement action plan. In the age of e-commerce, the 
warehouse is looking for ways to boost flexibility and efficiency to meet the demands of 
consumers who want several stock-keeping units (SKUs) and same-day shipping. According 
to Shah (2017), there was less emphasis on output assessment for each warehousing feature 
and overall efficiency, while most previous reports had a broad focus on warehouse operation 
and layout problems.
Hence, this work aims at exploring the main warehouse productivity performance indicators 
(WPPIs) for the logistics sector and report their relative importance to logisticians. 
Accordingly, a number of a series of recommendation are posed and discussed. This aim raises 
the research questions of:

































































RQ: How can we develop a decision-making tool that reports the most important WPPIs 
from a logisticians’ uncertain perspective and accordingly prioritize the improvement 
recommendations?
Within this question’ scope, this paper enriches the existing literature, on warehousing 
productivity performance measures, by proposing a warehouse productivity decision-making 
methodology to analyse and evaluate productivity indicators towards warehouse performance 
improvement. This includes highlighting the main WPPIs based on literature and decision-
makers experts. These WPPIs are framed in a hierarchical structure that includes four-level 
(i.e., labour, equipment, space, and information system) categories. This frame was built based 
on the systems theory in which three critical elements are included in this methodology namely 
input, throughput and output. Next, the quantitative research theory is employed to quantify 
and prioritize the relative importance of those categories and their indictors. The latter helps in 
selecting the most challenging warehouse productivity indicator for improvement 
recommendations. However, experts’ opinions are prone to the uncertainty that might highly 
influence the final decision-making outcome. In order to handle this vagueness issue, this work 
adopts the fuzzy set theory into the proposed methodology. The embracement of these methods 
poses an advanced avenue towards the evaluation of warehousing productivity performance 
indicators from the industry perspective. As such, these methods enabling researchers to 
achieve outcomes that are as receptive as possible. The use of linguistic variables allows the 
selection method to be practical where each decision-maker values are assigned differently and 
the benefits of WPPIs in the logistics industry are discovered. This decision-making problem 
is rarely covered in the logistics sector, and thus presents a hurdle for warehouse performance 
improvement that calls for an explorer that this study tries to address. This research is aligned 
with the increasing need for logistics businesses to frequently evaluate and enhance the 
efficiency of their service steadily with the highly competitive logistics industry.
The rest of this paper proceeds as follows. In Section 2, the literature concerning warehouse 
productivity performance including its indicators and methods and their employment in the 
logistics sector are presented. It also presents the research theories used for building the 
research methodology. Section 3 presents the proposed warehouse productivity decision-
making methodology, followed by its application in the logistics and warehousing industry in 
Section 4. The managerial implications and proposed recommendations management are 
discussed in Section 5. In Section 6, this research is concluded including its limitations and 
future research directions.


































































2.1 Productivity Dimension in Warehouse Performance Assessment
The proper evaluation of supply chain efficiency can be seen as a primary insight for 
potential strategic planning (Bowersox et al., 1999). Additionally, Gu et al., (2007) grouped 
performance measurement of a warehouse into three types including analytical, benchmarking 
and simulation methods. For instance, Kusrini et al., (2017) and Carli et al., (2020) used 
analytical methods, while Johnson and McGinnis (2010); Wong et al., (2016); Karim et al., 
(2018); Rafaat and Showghi (2020) utilised Analytical Hierarchy Process (AHP) or Data 
Envelopment Analysis (DEA) methods for performance benchmarking group and Abideen and 
Mohamad (2020) conducted performance simulation method.
Many models and indicators for measuring warehouse performance have been studied based 
on previous research on warehouse results. These models and indicators considered various 
key performance indicators (KPIs) and progress on these KPIs separately or in conjunction 
with other variables. For example, Frazelle (2002) proposed evaluating warehouse efficiency 
utilizing five indicators: financial, production, utility, consistency, and cycle time, as well as 
the four major warehouse processes: shipping/delivery, picking orders, storage and receiving. 
In addition, Frazelle model evaluation metrics are widely utilized in a variety of industries. By 
assessing the warehouse market method into the final production, Staudt et al. (2015) 
introduced four key dimensions namely time, expense, efficiency, and productivity. However, 
the productivity dimension is being considered in this analysis to illustrate the most relevant 
matrices to improve the warehouse's overall productivity efficiency.
The ratio of actual production produced to actual resources consumed is known as 
warehouse productivity (Kearney, 1978). Mainly, productivity is known as deciding the inputs 
that must be used to produce the final production. The reliability and utilization of converting 
primary commodities into wholesale delivery are two factors that influence productivity (Smith 
and Reece, 1999). Kodawski et al., 2017a) found that each of the warehouse phase elements 
necessitated the execution of specific activities to meet certain priorities and targets. As a result, 
it is intertwined with warehouse services such as rooms, facilities, and staff (Pirttilä et al., 1995; 
Hackman et al., 2001; Chow et al., 2006; Hamdan and Rogers, 2008) as well as information 
systems (Bartholdi et al., 2011; German et al., 2019) to perform outcome of warehouse 
operations. As such, Table 1 displays the warehousing productivity efficiency metrics for 
determining the most significant metric for increasing warehouse productivity. The model 

































































illustrated the critical warehouse services, such as labour, machinery, space, information 
system, and warehouse operations, which included both inbound and outbound processes 
(Karim et al., 2020).
------------------Table 1 to be placed here----------------------------
The importance of analyzing productivity benchmarking performance assisted warehouse 
managers in a variety of ways, including (i) identifying areas of concern based on gaps between 
defined standards and actual performance; (ii) analyzing the performance levels of individuals, 
departments, warehouses, and companies; (iii) motivating employees to improve performance; 
and (iv) developing better resource plans (Edosomwan, 1995; Hamdan, 2005).
2.2 Theory Building in the Study
2.2.1 Quantitative Theory
To facilitate the decision-making approach, the quantitative approach requires the use of 
quantitative methods. This methodology has also been classified as management science and 
operations research (Rana et al., 2016). It includes mathematical applications, models of 
optimization, models of information and computer simulations including statistics, linear 
programming, decision trees, network analysis, model of knowledge, computer simulations 
and/or mathematical models can be these methods for operational approach (Rana et al., 2016; 
Hussain et al., 2019). The Scientific Management approach also called operational theory is 
aligned with the production-oriented area of management, cutting unnecessary cost, reducing 
waste, increase efficiency and improve quality (Abdulrahaman et al., 2013). Also, this 
approach has directly contributed to the management decision making in controlling and 
planning by providing more and better information to managers. Raduan et al., (2009) 
described that the main purpose of this theory is to rationalise every part and step of the decision 
process. The quantitative theory allows managers to think clearly and cultivate the ability to 
think methodically at all levels. It is general logic and mathematical analysis to construct a 
model that does not interfere with any conjoint rationality (Rana et al., 2016).


































































In the mid-1960 the system approach to management theory had become a phenomenon 
although its origins were much earlier. The best-known system theorist is von Bertalanffy 
(Higgins, 1991) who defining a “system” as constructed of linked parts joined to form a whole 
in which synergy is generated by the coordinated and combined effect of the subsystem (Von 
Bertalanffy, 1972). Also, the system theory is viewed as a unified system, with a purpose of 
interrelated parts instead of viewing an individual (Lawrence and Steck, 1991). Managers can 
look at the whole organisation through this approach and enclose themselves within a wider 
and external environment (Wren, 1979; Kitana, 2016). 
The theory of structures focuses on the problems faced by complex entities viewed as a 
whole. Jean-Louis (1977) highlighted the main features that most systems share that are 
significant to emphasise that are (i) structure, a set of components and set of rules defining their 
interrelationship; (ii) teleological character, driven towards a set of goals and (iii) 
environmental, a system that interacts with environment usually referred as an open system 
approach. The system theory explains the action both internally and externally of an 
organisation (Pindur et al., 1995). Internally describes how and why people conduct their 
individual and group task within organisations; however externally combines corporate 
transaction with other organisation and institution (Higgins, 1991).
Additionally, several scholars covered at operational level studies including resource 
allocation, transports decisions, balancing supply and demand, coordinating the inventory 
decision and other related problems in Supply Chain Management (Gattorna et al., 1996; 
Simchi-Levi et al., 2000; Laurikkala et al., 2003; de Carvalho and Filipe, 2016) that are 
interpreted as requiring a system approach.
2.2.3 Productivity Theory
One of the most emphasized and examined dimension of performance despite strictly on the 
financial measure, it is productivity. Banker et al. (1989) characterized productivity as the ratio 
of outputs to inputs, which has little value in and of itself, regardless of whether it is relative to 
previous time productivity metrics or measured from equivalent facilities processing identical 
goods. Productivity initiatives are intended to demonstrate improvements in the physical usage 
of energy, i.e., to encourage and evaluate efforts to produce more products from fewer inputs 
while ensuring efficiency (Babson, 1981). Daris (1955) emphasized the importance of 

































































developing a method for measuring market efficiency in order to determine if the company's 
productivity is increasing or decreasing.
Therefore, a combination of three theories is highly important to select the most important 
indicators in Table 1 which require immediate improvement from the warehouse operations 
decision-makers. Figure 1 shows the theoretical framework adopted in this study combining 
quantitative theory and system theory to develop warehouse productivity decision-making. 
Under the system approach, three essential elements are included in this study namely input, 
throughput and output. The organization starts with employing resources such as labour, 
equipment, space and information system, referred to as inputs. The inputs are transformed to 
perform the warehouse operation is called processes, and then the final product or services are 
referred to as output of the organization. The outcome is highly related to customer and 
productivity in which this study is driven towards improving warehousing productivity 
performance. 
Figure 1: Theory Building of the Study
2.2.4 Fuzzy-AHP Method
Thomas Saaty developed the Analytical Hierarchy Process (AHP) in 1980, a theory for 
measuring intangibles alongside tangibles that have been widely used as Multi-Criteria 
Decision Making (MCDM) instruments and computing preferences (Saaty, 2010). Many 
scholars, on the other hand, believe that the AHP approach has a few flaws. Implementing the 
AHP's 1-9 fundamental scales, for example, is a scale of crisp numbers that results in an 
unstable mode of respondents, resulting in imprecise judgment (Abdul Halim et al., 2019). 
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proposed by Zadeh (2015) must be used to render fuzzy assumptions (triangular; trapezoidal; 
interval and fuzzy numbers) (Ayag and Ozdemir, 2006; Aruldoss et al., 2013).
The Fuzzy AHP technique, which incorporates Fuzzy set theory and the AHP procedure, 
has become one of the most prominent MCDM approaches. There are also structured problem-
solving, logic, and alternative data processing methods (Bozbura et al., 2007). The fuzzy 
extension of Saaty's theory priority has been explored by a number of academics. Earlier work 
by Van Laarhoven and Pedrycz (1983) developed a fuzzy version of the logarithmic least 
square approach and conducted the first triangular membership function implementation of 
Fuzzy AHP. Buckley (1985) suggested trapezoidal membership features, claiming that experts 
would be able to understand them more easily because reference ratios' proposed targets are 
similar to Wagenknecht and Hartmann's proposed objectives (1983). Chang (1996), on the 
other hand, suggested using the triangular fuzzy number for the FAHP pairwise comparison 
scale and the degree analysis method for the synthetic extent values of the pairwise comparison. 
According to a report on fuzzy MCDM techniques conducted by Mardani et al. (2014), fuzzy 
AHP is the second most widely used technique in a stand-alone model after the AHP method.
Furthermore, the FAHP method, employing an expert-based method. The primary benefit 
of utilizing AHP over other MCDM approaches is that it does not necessitate a statistically 
significant sampling size to obtain statistically robust outcomes (Doloi, 2008; Darko et al., 
2019). The AHP survey is typically performed using an expert-based approach that is qualified 
to provide representative findings due to the detailed interpretation that includes many facets 
and viewpoints of an issue (Opitz et al., 2019). However, every AHP-related method's final 
judgment is only plausible if the pairwise comparison matrices pass the accuracy checks 
(Awang et al., 2017).
As a result, an extension approach from AHP to the fuzzy domain is used in this analysis. 
To perform and create the pairwise comparison matrices for parameters and alternatives, FAHP 
uses ambiguous judgments rather than actual crisp numbers to calculate.
2.3 Research Gaps and Study Contributions 
Measurement and improvement of logistics services performance have been given a growing 
interest by researchers and industry practitioners due to its contribution to business value and 
cost-competitive advantages. So far, there is limited research on managing logistics 

































































productivity performance in logistics companies (Shah and Khanzode, 2017). In addition, this 
decision-making problem is normally handled by several experts in the industry sector and thus 
would consist of possible conflict opinions. Despite the growing research on logistics 
performance measurement and management, a few studies handled this problem from multiple 
perspectives (Kucukaltan et al., 2016; and Dev et al., 2019). Also, limited research has handled 
the opinion vagueness of industrial experts in evaluating warehouse productivity performance. 
The WPPIs has been explored in the literature as shown in section 2.1; however, this is the first 
study that poses recommendations based on the WIPs prioritization. This would help decision-
makers in targeting the most influential indicators based on their resource’s availability and 
capacity. 
To addresses these gaps, this work contributes to the literature in proposing a mixed methods 
methodology that aims to analyse and evaluate WPPIs. It uses the systems theory to identify 
WPPIs from both literature and industrial perspectives. It also prioritizes them towards 
recommendations for improving warehouse productivity performance. It is worthy to mention 
that the integration of numerous mathematical methods and techniques in quantitative theory 
provides a special solution for judging significant management issue decision-making. 
Specifically, this study utilized the combination of mathematical tools of fuzzy and AHP 
methods to provide managers abundance judgement mathematically of warehouse productivity 
decision-making for improvement.
3. RESEARCH METHODOLOGY
High-performing logistics organizations target superior strategic performance. Hence, 
decision-makers are enforced to align tactical and operational logistics performance with 
strategic targets because of their effect on the companies’ performance (Ahi and Searcy, 2015). 
The literature echoes the increasing necessity of analyzing and improving logistics services 
performance in delivering competitive advantages via superior customer service, cost-effective 
operations and processes, and a growing and sustainable marketplace. Thus, there is a growing 
and continuous need for developing decision-making models that support logistics services 
measurement and improvement. 
This paper aims to propose an analysis and evaluation methodology towards warehouse 
productivity performance improvement. Figure 2 shows the methodological framework on the 

































































flow processes of the research was conducted. Thus, this study used benchmarking method tool 
of the Fuzzy AHP method dealt with experts’ viewpoints for the research analysis evaluations. 
The research methodology could be presented in four main phases:
Phase 1: Employee the systems theory for framing WPPIs based on literature and experts’ 
experience in the industry sector, as shown in Figure 2.
Phase 2: Adopt the quantitative theory represented by the fuzzy AHP method to explore 
and prioritize the relative importance of WPPIs.
Phase 3: Use the outcomes revealed in Phases 1 and 2 to deliver the warehouse productivity, 
decision-making model.
Phase 4: Pose managerial recommendations for improving warehouse productivity 
performance based on phase 3’ outcomes. 
Figure 2: Research Flow of WPPIs Decision-Making Approach

































































3.1 Generic Model Development: The systems theory
The performance indicators for warehousing productivity are categorized in a hierarchical 
hierarchy. A three-level hierarchical model is constructed to assess the value of warehouse 
productivity performance, which includes the target, criterion, and sub-criteria, respectively. 
The ratio-based warehousing productivity efficiency metrics are divided into four groups, as 
seen in Figure 3, which include warehouse capital (labour, equipment, space, and information 
system). The activity-related output assessment indicator in terms of productivity is built after 
each of the warehouse resource categories. As a result, according to established warehousing 
productivity performance indicators, this study conducted fuzzy pairwise judgment with 
experts.
Figure 3: WPPIs Generic Model

































































3.2 Established Weight Criteria: Fuzzy AHP
The following are the steps in the technique for this process used in this study:
Construction of Fuzzy Pair-wise Comparison Matrix
The decision-maker compares the criteria or alternatives via linguistic terms as shown in 
Table 2.
------------------Table 2 to be placed here----------------------------
Equation 1 depicts the pair-wise contribution matrix, where  denotes the  decision 𝑑𝑘𝑖𝑗 𝑘𝑡ℎ
maker’s choice for the  criterion over  criterion and the “tilde” denotes the triangular 𝑖𝑡ℎ 𝑗𝑡ℎ
number (Buckley, 1985). As a result, Awang et al. (2017) summarised the Triangular Fuzzy 
Numbers are denoted as  = ( , , ).𝑑𝑘𝑖𝑗 𝑙  𝓂  𝑢
 =  = 𝑨𝒌 ⌈𝒅𝒌𝟏𝟏 𝒅𝒌𝟏𝟐 … 𝒅𝒌𝟏𝒏𝒅𝒌𝟐𝟏 … … 𝒅𝒌𝟐𝒏… … … …
𝒅𝒌𝒏𝟏 𝒅𝒌𝒏𝟐 … 𝒅𝒌𝒏𝒏
⌉ [(𝒍𝒌𝟏𝟏, 𝓶𝒌𝟏𝟏,𝒖𝒌𝟏𝟏) (𝒍𝒌𝟏𝟐, 𝓶𝒌𝟏𝟐,𝒖𝒌𝟏𝟐) . . . . (𝒍𝒌𝟏𝒏, 𝓶𝒌𝟏𝒏,𝒖𝒌𝟏𝒏)(𝒍𝒌𝟐𝟏, 𝓶𝒌𝟐𝟏,𝒖𝒌𝟐𝟏) . . . . . . . (𝒍𝒌𝟐𝒏, 𝓶𝒌𝟐𝒏,𝒖𝒌𝟐𝒏). . . . . . . . . . . . . . . .(𝒍𝒌𝒏𝟏, 𝓶𝒌𝒏𝟏,𝒖𝒌𝒏𝟏) (𝒍𝒌𝒏𝟏, 𝓶𝒌𝒏𝟏,𝒖𝒌𝒏𝟏) . . . . (𝒍𝒌𝒏𝒏, 𝓶𝒌𝒏𝒏,𝒖𝒌𝒏𝒏)] (1)
Average Construction of Fuzzy Pairwise Comparison of All Decision-makers
If there are decision-makers involved in the decision making, the choices of each decision-
maker ( ) are averaged by aggregation of individual decision maker’s judgment to conclude 𝑑𝑘𝑖𝑗
at a group consensus decision. In the AHP form, it is best to use geometric means since they 
are the only ones that keep the matrix reciprocal instead of arithmetic means (Aczel and Saaty, 
1983; Krej and Stoklasa, 2018). Furthermore, in the AHP approach, using the geometric mean 
is more consistent with both individual aggregations and targets (Forman and Peniwati, 1998). 
Thus, the AIJ method is used in this analysis to perform the aggregation procedure, with the 
geometric means for ( , , ) and ( ) being determined as seen in Equation 2. (Davies, 1994; 𝑙𝑖 𝓂𝑖 𝑢𝑖 𝑑𝑖𝑗
Meixner, 2009).

































































 = =  , =  , = 𝒅𝒊𝒋 𝒍𝒊 (∑𝑲𝒌 = 𝟏𝒍𝒊𝒋𝒌)
𝟏
𝑲 𝓶𝒊 (∑𝑲𝒌 = 𝟏𝓶𝒊𝒋𝒌)
𝟏




where (  is the fuzzy evaluations of sample members 𝑙𝑖𝑗𝑘,𝓂𝑖𝑗𝑘,𝑢𝑖𝑗𝑘) 𝑘(𝑘 = 1,2,…. 𝐾).
According to averaged preferences, pair-wise contribution matrices is updated as shown in 
Equation 3. 
 = 𝑨 =  [𝒅𝟏𝟏 𝒅𝟐𝟏 ⋯ 𝒅𝟏𝒏𝒅𝟏𝟐 ⋯ ⋯ 𝒅𝟐𝒏⋯ ⋯ ⋯ ⋯
𝒅𝒏𝟏 𝒅𝒏𝟐 ⋯ 𝒅𝒏𝒏
] [(𝒍𝟏𝟏,𝓶𝟏𝟏,𝒖𝟏𝟏) (𝒍𝟏𝟐,𝓶𝟏𝟐,𝒖𝟏𝟐) . . . . (𝒍𝟏𝒏,𝓶𝟏𝒏,𝒖𝟏𝒏)(𝒍𝟐𝟏,𝓶𝟐𝟏,𝒖𝟐𝟏) . . . . . . . (𝒍𝟐𝒏,𝓶𝟐𝒏,𝒖𝟐𝒏). . . . . . . . . . . . . . . .(𝒍𝒏𝟏,𝓶𝒏𝟏,𝒖𝒏𝟏) (𝒍𝒏𝟐,𝓶𝒏𝟐,𝒖𝒏𝟐) . . . . (𝒍𝒏𝒏,𝓶𝒏𝒏,𝒖𝒏𝒏)] (3)
Approximation of Fuzzy Comparison Values
Equation 4 can be used to find the ambiguous reference values by integrating the following 
sub-steps: (1) find the vector summation of each , where  still represents triangular values, 𝑟𝑖 𝑟𝑖
and (2) find the (-1) power of summation vector; then, rearrange it in increasing order. 
Fuzzy Weights of Each Criterion 
Equation 5 can be used to calculate the relative fuzzy weights of each criterion, where the 
fuzzy weight of criterion i ( ) multiplies with the respective  reverse vector.𝑤𝑖 𝑟𝑖
= × = (l𝒘𝒊 𝒓𝒊 (𝒓𝟏 +  𝒓𝟐 +  ⋯ +  𝒓𝒏)
―𝟏
 𝒘𝒊,𝓶𝒘𝒊,𝒖𝒘𝒊) (5)
Determining the Weight Values
Due to the fact that   is always in fuzzy triangular quantities, they must be defuzzified as 𝑤𝑖
( ) using the centre of region approach, which suggested by (Chou and Chang, 2008; Chang 𝑀𝑖
and Wang, 2009; Meixner, 2009), as seen in Equation 6.
 =  or  = 𝑴𝒊
𝒍𝒘𝒊 +  𝓶𝒘𝒊 + 𝒖𝒘𝒊
𝟑 𝑴𝒊 𝒍𝒘𝒊 +
(𝓶𝒘𝒊 ― 𝒍𝒘𝒊) + (𝒖𝒘𝒊 ― 𝒍𝒘𝒊)
𝟑 (6)
where,  is non-fuzzy. However, it needs to be normalized ( ) by following Equation 7.𝑀𝑖 𝑁𝑖
 , i= 1, 2, …, n𝒓𝒊 =  (∏𝒏𝒋 = 𝟏𝒅𝒊𝒋)
𝟏/𝒏
(4)






































































The normalised weights of the criterion and the alternatives can be found by following 
these seven measures. Present alternatives or sub-criteria over the main criteria, on the other 
hand, are calculated by multiplying each alternative with the corresponding criteria. Moreover, 
for decision-making, the outcome of the choice with the maximum score is recommended.
Calculate the Consistency Ratio (CR) Inspection
Due to differing values and points of view, each pairwise comparison matrix is evaluated 
for consistency. The pairwise comparison matrix is described in FAHP as a triangular fuzzy 
figure, and the accuracy ratio must be calculated by converting these numbers to crisp numbers 
(Mulubrhan et al., 2014). As a result, this research recommends using the graded mean 
incorporation method (Leniak et al., 2018).
Following the defuzzification of each of the pairwise comparison matrices, Saaty's accuracy 
technique is used, where  denotes the number of items being compared,  represents for 𝑛 𝜆𝑚𝑎𝑥
absolute weight value of the  comparison matrix. The equations for consistency index 𝑛 × 𝑛
(CI) and consistency ratio (CR) are CI = (λmax – n)/ (n – 1) and CR = CI/RI All pairwise 
comparative matrices for the main criteria, as well as factors/alternatives, must meet CR ≤ 0.1 
and CI ≤ 0.1; else, the panel of experts must revise the subject pairwise decisions before 
calculating the weights (Saaty, 1980; Osnin and Abdul Rahman, 2018). Table 3 shows the 
random consistency index (RI). 
------------------Table 3 to be placed here----------------------------
4. APPLICATION AND FINDINGS
This section presents the application of the proposed warehouse productivity decision-
making methodology on a real case study in the logistics industry. The case companies were 
𝒂𝒋𝒌 =  
(𝒍 + (𝟒 × 𝓶) + 𝒖)
𝟔 (8)

































































selected demographically, including Northern (Penang), Southern (Johor) and Central (Klang) 
Regions of Malaysia. As a result of their robust infrastructure and access to ports and airports 
in promoting Malaysia's export and import supply chain, the regions mentioned above remain 
manufacturing and logistics hubs (Hoong, 2018). Furthermore, the supply of transport 
networks such as ports, airports, and train stations are increased due to warehouse expansion 
(Raut et al., 2017). According to Soh et al. (2015), the sampling of 3PL companies (including 
warehousing) in Malaysia shows that Selangor, Johor, and Klang have the most listed 
companies. All the necessary data were obtained from the industrial experts during the data 
collection process. In total, there were 12 professional experts in the logistics and warehousing 
industry had been interviewed.  Initially, the interview was conducted individually with the 
respective 12 experts from different companies. The face-to-face survey session took 
approximately 30-40 minutes at the interviewee’s workplace and at the time mutually agreed 
to by both respondent and researcher. Researchers began with an explanation about the 
selection method and guided respective experts throughout the pairwise comparison. Hence, 
each session of the survey ended with a vote of thanks to the experts for their concern. Figure 
4 shows that one expert is between 5 to 10 years of work experience, while the remaining 11 
experts are more than 10 years of experience in this respective field. 
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Figure 4: Experts Years of Experience in Logistics and Warehousing
Also, this study highlighted the type of warehouse services from the experts’ business. 
Although it is difficult to precisely address the type of warehouse services provided by the 
experts’ business due to the warehouses offer more than just a storage place. The details of 
responses from the various warehouse services are depicted in Figure 5. Overall, the most 

































































noticeable trend is that the distribution centre recorded 91.67%, following by cross-docking 
and control-temperature warehouse with 50% and 25% respectively. The other services 
including e-commerce, factory warehouse, reverse logistics, transhipment, and vendor 



























































































Figure 5: The Type of Warehouse Services Provided by the Experts’ Companies
To comply with the qualitative results, the 12 experts were contacted and consulted in order 
to conduct pairwise comparisons and allocate acceptable ratings to warehouse productivity 
indicators. By denoting Eq (1) until (8), four averages pairwise comparison matrix had been 
constructed, representing main criteria (warehouse resources) and 3 sub-criteria (labour, 
equipment and space). 
The consistency test is used to guarantee that the decision-makers are not making random or 
illogical pairwise comparisons. The CR of warehouse resources, labour resources, machinery 
resources, and space resources was 0.0189, 0.0265, 0.0063, and 0.0171, respectively, while the 
aggregation geometric mean solution is denoted into the comparative matrices. As a result, the 
comparison matrices' CR was acknowledged since it was less than 0.1. The weight values and 
final rankings of all main criteria (warehouse resources) and sub-criteria (warehouse 
productivity metrics) of warehousing productivity success indicators are summarized in Table 
4.

































































------------------Table 4 to be placed here----------------------------
The top three most critical warehousing productivity performance indicators, according to 
FAHP assessments, are Information System- Warehouse Management System (0.2436), 
Space- Storage Space Utilisation (0.1043), and Space- Throughput (0.1043). (0.0722). The 
conventional manual warehouse service is no longer reliable in Technology Industry 4.0 when 
dealing with diverse and varied consumer requests. Similarly, according to this report, the most 
significant warehouse productivity metric is the Warehouse Management System (WMS) into 
the warehouse information system resource. The major aspects of WMS seem to be assisting 
in reducing warehouse storage capacity, better precision of stock statistics, increased operating 
efficiency and efficiency, and labour and warehouse equipment productivity (Caridade et al., 
2017; Pane et al., 2018). Throughput, on the other side, refers to the number of items that leave 
the factory. However, there was a backlog in collecting and exporting products, which resulted 
in lower production and reliability than planned (German et al., 2019). As a result, an improved 
and innovative Warehouse Management System is needed to boost productivity while still 
allowing customised order fulfilment (Lee et al., 2018).
5. THE MANAGERIAL DISCUSSION 
5.1 Recommendations for warehouse productivity improvement  
The FAHP results have shown that Warehouse Management System, Storage Space 
Utilisation and Throughput are the main important indicator for the warehouse productivity 
performance improvement. There are several strategies to enhance the improvement on these 
three main indicators which indirectly towards increasing the supply chain performance. 
Additionally, a series of recommendation are discussed as follows:
a. Warehouse Management System – It is no doubt that today’s job assignment in the 
warehouse is navigating from manual-based to become automatic. As such, the usage of 
traditional WMS (manual documentary or bar-code scanner) into some advanced equipment 
such as RFID and query optimization. This aims to increase productivity, time and accuracy 
for the operation and retrieval of information in the dataset. 
b. Storage Space Utilisation – Maximising the storage space of the warehouse leads to an 
increase in warehouse productivity and reducing cost by storing as many as possible items at 

































































the most optimum space while keeping items visible and easy to reach. However, big 
warehouse space tends to cause unnecessarily long travel time between locations, delays in 
loading and unloading that need to be accountable. Other strategies are by renting out the 
unused space to other third party or can be used for additional manufacturing production 
process leading to generate possible profitability to the company.
c. Throughput – The warehouse throughput is highly correlated to transport management. An 
innovation to propose a system linking between transporter and warehouse on the time 
estimation of transport coming/ leaving the warehouse can be adopted. By utilizing 
technologies to develop an advance dynamic transport arrival/ departure time prediction model 
that mainly maximising throughput productivity of the warehouse and reducing driver’s dwell 
time at the warehouse. This help to reduce the bottleneck at the loading/unloading bay of the 
warehouse and leading towards good plan management in the warehouse.
5.2 Managerial implications 
This research concerned with proposing a mixed-method research methodology that:
 Frames a holistic warehouse productive improved indicator based on the systems 
theory. This includes a three levels hierarchy of goal (i.e., ratio-based WPPIs), 
indicators (i.e., labour, equipment, space, and information system), and sub-indicators 
(e.g., manpower productivity and turnover, etc.).
 Evaluates, analyses, and prioritizes WPPIs by using the fuzzy AHP method.
 Presents a managerial decision-making model that supports decision-makers in 
enhancing warehouse productivity performance.
 Poses managerial recommendations for decision-makers based on the WPPIs 
prioritization delivered via fuzzy AHP; and
 Elevates the existing research profile on logistics services management and 
improvement by presenting managerial insights on the logistics productive from 
academic and industrial perspectives.
The mixed-theory methodology presented by the systems theory, quantitative theory and, 
resulted, productivity decision-making theory, showed a practical perspective in presenting 
warehouse productive performance improvement approach that is closer to the industry. Thus, 
this study has the potential in paving more practical research avenues in highlighting and 

































































prioritizing critical performance indicators in the logistics and supply chain sectors.  For 
instance, managers and scholars might use this approach in analyzing and evaluating 
performance indicators for other logistics services (e.g., distribution).  In this perceptive, 
companies would normally have limited resources and capacity and thus not all performance 
indicators can be improved concurrently.
In this work, the revealed prioritization and relative importance of WPPIs, would guide 
managers in targeting improvement of top indicators towards superior competitive advantages 
in the marketplace. This would present a ranking of WPPIs’ relative importance that managers 
can follow to align their improvement with companies’ priorities (e.g., short term and long-
term goals). Arguably, this work answers questions, which may raise by logistics managers, of 
“what to measure” and “where to start the productivity improvement from”. Finally, the 
proposed methodology was applied to a real case study in the logistics and warehousing 
industry involving several experts. Thus, the research presents more practical and accurate 
results that could be used by other logistics managers from other companies. Based on these 
research outcomes, this work poses a number of practical recommendations to elevate 
warehouse productivity performance into the top three areas i.e., Warehouse Management 
System, Storage Space Utilisation and Throughput. Arguably, these potential improvements 
would spread bowing the warehousing border to other players (e.g., production plants, retailers 
and customers) in the supply chain.
6. CONCLUSIONS
A warehouse can be so expensive for some companies to operate. This including the cost of the 
land, building, labour, system, machinery, racking, and the items stored in the warehouse can be a 
spectacularly high amount of money incurred. Ironically, measuring warehouse performance 
management is important for the warehouse manager to evaluate and access the operation is either 
doing an excellent job or need an area of improvement. In the context of this study, warehouse 
productivity performance is defining as the effective warehouse resources that are managed to 
perform the warehouse activity at a period. To come to the point, productivity is a set of non-
financial or financial indicator which provides information for the achievement of results and 
objective of an organisation. Although the literature revealed several research studies on logistics 
services measurement and management, it exhibits a paucity of research for evaluating and 
prioritizing WPPIs from industrial and academic perspectives in addition to the consideration of 

































































uncertain input evaluation. In addition, managers, in the logistics sector, are requested to continually 
analyse and evaluate the measures of logistics services towards continual and growing competitive 
advantages (Mishra et al., 2018).
The warehousing productivity indicator model enables us to have a new viewpoint on the growth 
of research. The objective of ranking the most significant warehouse productivity is clear and has 
been achieved. This work presents a warehouse productivity decision-making methodology that 
aims to analyse and evaluate warehouse productivity performance indicators. The study objective 
involves implementing the hierarchy structure of warehousing productivity performance indicators 
and analysing to rank the most important indicators in warehousing productivity. Meanwhile, the 
FAHP method assisted to rank the most important indicators namely Warehouse Management 
System, Storage Space Utilisation and Throughput. This study model and findings can be applied 
globally as if the warehouses are relevant to this study’s sample warehousing services involving 
control-temperature warehouse, cross-docking, distribution centre, e-commerce, industry/factory 
warehouse, reverse logistics, transhipment, and vendor managed inventory. The presentation of 
partial productivity performance indicator and both quantitative and system theory is the key 
contribution highlighted in this research. Significantly, the impact of the quantitative theory 
provides manager mathematically analysis to develop decision-making for problem-solving 
ranking the most important warehouse productivity indicator for improvement; while system 
theory in management is that educators, writers, and consultants are helping managers to access 
their organisation from totality and wider perspective. Also, this research contributed to the 
source literature, while highlighting a series of recommendation on the top three most significant 
productivity performance indicator that can be useful in further research. Significantly, three main 
components that affect directly warehouse productivity and efficiency are depending on labour 
accessibility and availability of material handling equipment used and storage space which with the 
help of information system such as WMS. When these elements come into place the warehouse 
operation able to conduct modernise work process and benefit the labour. Conclusively, productivity 
improvement can be achieved when labour, equipment, and technology (information system) are 
equally utilised in the warehouse operation.
Despite the fact that the study gaps have been addressed in this article, the following gaps will 
include a potential research road map in warehouse performance productivity measurement: 
• To advance the state-of-the-art literature on various aspects of success metrics models, 
allowing them to be thoroughly investigated at organizational levels and following existing 
industrial needs. 

































































• Conducting extension experiments on success metrics through models or case studies to offer 
a more valid and valuable model for professionals.
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Optimization of the warehouse as a whole: 
Assigned task 
hour
Turnover  (%)No. of outgoing itemsaverage items in stock
Storage
Throughput Items
hour leaving the warehouse
Storage Space 
Utilisation
(%)Amount of capacity used by items∑amount of available capacity
Staging Area 
Utilisation1 2















∑No. of items managed
amount of item ― handling working hours
Receiving1 Receiving 
Productivity








∑No. of products picked 



















∑No. of products picked 
material handling used in picking activity





































































Notes: 1Inbound Process, 2Outbound Process
Source: Karim et al., (2020)
Table 2: Triangular Fuzzy Number Scale and its Linguistic Terms
Saaty’s scale Definition Fuzzy Triangular Scale
1 Equally important (E. Imp) (1,1,1)
3 Weakly important (W. Imp) (2,3,4)
5 Fairly important (F. Imp) (4,5,6)
7 Strongly important (S. Imp) (6,7,8)










Source: Ayhan, 2013; Moslem et al., 2019
Table 3: Average Value for the Random Index Versus Matrix Order
n 1 2 3 4 5 6 7 8 9 10
RI 0 0 0.58 0.9 1.12 1.24 1.32 1.41 1.45 1.49
Source: Saaty, 1990














































































Space 0.4005 1 WMS 1.000 0.2445 1
Information 
System
0.2445 2 SSU 0.2604 0.1043 2
Labour 0.2065 3 TH 0.1803 0.0722 3
Equipment 0.1484 4 TR 0.1662 0.0665 4
TU 0.1508 0.0604 5
SAU 0.1412 0.0565 6
PcP 0.2495 0.0515 7
RP 0.2311 0.0477 8
MP 0.2223 0.0459 9
PcP 0.3032 0.0450 10
RP 0.2970 0.0441 11
BU 0.1011 0.0405 12
PyP 0.2526 0.0375 13
PyP 0.1566 0.0323 14
SP 0.1406 0.0290 15
SP 0.1472 0.0219 16
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